ABSTRACT: Two studies were conducted to evaluate high-quality tall fescue hay as a supplement to beef cattle fed low-quality roughages. In Exp. 1, 15 ruminally cannulated Hereford × Angus steers (average weight 390 kg) were blocked by weight and assigned randomly to one of three treatments: 1 ) tall fescue straw, no supplement; 2 ) tall fescue straw plus tall fescue hay supplement; 3 ) tall fescue straw plus alfalfa hay supplement. The 28-d digestion study consisted of 14 d of adaption, 6 d of intake data, and 6 d of collection of feces, respectively, with a 1-d ruminal sampling ( d 27) and ruminal evacuations ( d 28). In Exp. 2, 90 gestating Hereford × Angus cows were stratified by age and body condition and, within stratum, assigned randomly to three replications of the same treatments as described for Exp. 1. In both studies, a basal diet of tall fescue straw was fed with ad libitum access, alfalfa hay was fed at .4% BW, and tall fescue hay was fed at a level isonitrogenous with the alfalfa hay (.61% BW). In Exp. 1, DMI was at least 13% greater ( P < .01) for supplemented steers than for nonsupplemented steers and was 12% greater ( P < .10) for steers receiving supplemental tall fescue hay than for alfalfa hay-supplemented steers. Digestibility of DM was greater for supplemented steers than for nonsupplemented steers ( P < .05) and, between supplement treatments, greater for tall fescue haysupplemented steers than for alfalfa hay-supplemented steers ( P < .10). Ruminal ammonia values peaked at 3 h after feeding and were higher for steers fed supplement treatments than for those fed the control treatment from just before feeding through 6 h after feeding ( P < .10). In Exp. 2, supplemented cows gained more BW than nonsupplemented cows ( P < .01), and the tall fescue hay-supplemented cows gained more BW ( P < .10) than cows supplemented with alfalfa hay. Likewise, supplemented cows lost less condition ( P < .01) than their nonsupplemented counterparts during the 84-d supplementation period, and cows receiving tall fescue hay supplement tended ( P = .23) to lose less condition than cows receiving alfalfa hay supplement. No differences in calf growth were noted among treatment groups ( P < .10). In conclusion, supplementation of high-quality tall fescue hay to cows fed low-quality forage diets seems to result in performance that is similar to or better than that of cows receiving alfalfa hay supplements when fed on an isonitrogenous basis.
Introduction
The feeding of low-quality forages such as crop residues, stockpiled forages, and low-quality hays to wintering beef cattle is a common practice in the beef cattle industry. However, high-fiber, low-protein feed resources often require physical or chemical modification or supplementation to optimize the use of the lowquality roughage. Many studies have documented the benefits of protein supplementation on the intake and digestibility of low-quality forages by cattle (McCollum and Galyean, 1985; Caton et al., 1988; DelCurto et al., 1990a,c ) . Improvements in digestibility and intake may result in improved cattle weight and condition status throughout the winter feeding period (Clanton and Zimmerman, 1965; Cochran et al., 1986a; Judkins et al., 1987) . Ultimately, improved nutritional status through the winter feeding period may provide improved subsequent reproductive efficiency (Clanton, 1982) .
Oilseed meals and alfalfa, the most common forms of supplemental protein fed in research studies, are often expensive in many parts of the western United States. Less expensive, locally produced forms of supplemental protein would be economically advantageous to many range cattle operations. The objective of this study, therefore, was to harvest an early, highquality tall fescue hay and compare its effects to those of alfalfa hay on the intake, digestion, and subsequent performance of beef cattle consuming a low-quality roughage.
Materials and Methods
Early-Vegetative Tall Fescue Hay. Two 6.1-ha tall fescue pastures were grazed by 108 cow-calf pairs from April 19 to May 17, 1991. Cows also received 7.7 kg meadow hay/cow on 18 of 28 d. Both pastures had been fertilized with 36.7 kg urea/ha in mid-March. Early-season grazing was used as a management tool to delay forage maturity and as a result produce a higher quality standing crop at the normal harvest date. Five clipping plots were established in representative areas within one pasture. Ground-level clippings were taken weekly from five random locations within each plot. The clippings were weighed, dried, and then ground to pass a 1-mm screen. Total aboveground DM production was estimated from average DM yields across plots. Samples were then stored for later analysis of CP, soluble N, ADIN, ADF, NDF, and IVDMD. Both pastures were harvested between July 10 and July 15. The early-vegetative tall fescue hay was then baled into 45-kg units and stored under cover until the feeding studies began.
Cattle Trials. Endophyte-free tall fescue straw, derived from tall fescue seed production, was utilized as the low-quality basal diet for both trials. This straw was fed with ad libitum access and alfalfa hay supplement was fed at .4% BW, a level suggested by previous low-quality forage supplementation research (DelCurto et al., 1991) . The tall fescue hay was fed at a level (.61% BW) isonitrogenous with the alfalfa hay supplement. Both supplemental hays and the straw were chopped ( 4 to 8 cm length) before feeding in the digestion trial. This facilitated handling, weighing, and feed intake measurements. In the cow performance study, the supplemental hays and the straw were fed as long-stem forage from rectangular bales (average weight 45 kg (24 h), duplicate nylon bags (10.0 × 5.0 cm, pore size 53 ± 10 mm), each containing a 1-g sample of 2-mm ground alfalfa hay or tall fescue hay, were placed in the rumen of supplemented steers, according to treatment, and suspended within a weighted garment bag as described above. Additional duplicate bags were introduced at 18, 12, 9, 6, and 3 h. All bags were removed at 0 h, immediately rinsed until rinse water was clear, and then frozen until analyzed. Basal diet in situ rates of digestion and digestion lag times were calculated as described by Mertens and Loften (1980) . Data were entered as a fraction of nutrient remaining vs time of incubation and fitted to nonlinear regression models. Supplement in situ rates of digestion and lag times were calculated as described by Ørskov and McDonald (1979) . Data were entered as a fraction of nutrient that disappeared at various incubation times and fitted to nonlinear regression models. For both in situ analyses, proc NLIN procedures were used with the Marquard model fit approach (SAS, 1988) . Ruminal fluid samples were taken at 0, 3, 6, 9, and 12 h after feeding on d 27 for pH, VFA, and ammonia (NH 3 ) analysis. Ruminal samples were obtained (100-mL aliquots) with a suction strainer using a uniform sampling of the rumen and reticulum. On d 28, reticulo-ruminal contents were evacuated and weighed just before feeding (0800) and again at 5 h after feeding. Ruminal contents were thoroughly mixed and subsampled in triplicate to determine DM fill and IADF digesta kinetics. Digesta kinetics techniques described by Van Soest (1982) were used to determine IADF passage by dividing the IADF intake by the quantity of IADF in the rumen.
Analytical techniques. Dry matter and Kjeldahl N were analyzed by AOAC (1984) methods. Acid detergent fiber and NDF analyses were performed according to the methods of Goering and Van Soest (1970) . Determination of IADF was accomplished by a 144-h in vitro fermentation followed by ADF extraction as described by Cochran et al. (1986b) on triplicate samples. The technique described by Tilley and Terry (1963) was used to determine IVDMD. For both IADF and IVDMD procedures, ruminal fluid from donor steers (80% grass hay, 20% corn diet) was obtained 5 h after feeding. Ruminal fluid pH was obtained immediately after sampling using a combination electrode. Separate samples, used for NH 3 and VFA analysis, were frozen at −20°C following treatment with .1 N HCl ( 1 mL acid to 1 mL ruminal fluid) and 25% metaphosphoric acid ( 1 mL acid to 4 mL ruminal fluid), respectively. Volatile fatty acid concentrations were determined using a fused silica capillary column (Alltech Associates, Deerfield, IL) in a gas chromatograph (5890 Series II gas chromatograph; Hewlett Packard, San Fernando, CA). Ruminal NH 3 concentrations were determined using a hypochlorite method, as described by Broderick and Kang (1980) . Soluble N was determined by soaking 1-g samples in 50 mL of distilled water at room temperature for 2 h, stirring occasionally. Samples were filtered, rinsed with distilled water, and the sample residue was then analyzed for N according to AOAC (1984) . Insoluble N (residue N ) was subtracted from original sample N to determine soluble N.
Experiment 2: Cow Performance Trial. Ninety gestating Hereford × Angus cows (average weight 479 kg) were stratified by age and body condition and, within stratum, assigned randomly to three replications each of three dietary treatments. All cows shared one common pasture (45 ha). However, supplemented cows were gathered and sorted into pens of 10 at 1100 each day for supplement feeding. Straw was fed from bales scattered across the pasture each day between 0700 and 0900. Supplements were fed for 84 d, from November 19, 1991 , to February 11, 1992 . Cow body weight and condition score were measured on d 0, 28, 56, and 84 following an overnight (16-h) shrink.. In addition, cow body weight and condition were determined again on d 204 (June 11) to find any postcalving differences in weight and condition as a result of winter feeding. Cow body condition was judged independently by two observers using a 9-point scale ( 1 = extremely emaciated, 9 = extremely obese; Neumann and Lusby, 1986) . The same technicians measured body condition throughout the study period.
Statistical Analysis. All data related to intake, digestibility, in situ digestion, liquid kinetics, and IADF flow in Exp. 1 were analyzed as a randomized complete block design with effects partitioned for treatment and weight block. Because steers were fed individually, steer was considered the experimental unit. Digesta kinetics and ruminal fermentation data based upon multiple samples after feeding were analyzed as a randomized complete block, split-plot design. Terms in the model included whole-plot effects for treatment, block, treatment × block (error 1), and sub-plot effects for time and treatment × time. When treatment × time interactions were observed ( P < .10), treatments were analyzed within time periods and presented graphically. In Exp. 2, cow weights and body condition scores were analyzed according to a completely randomized design, with group as the experimental unit.
The general linear models procedure of SAS (1988) was used to analyze all data. Differences among treatments were evaluated using preplanned contrasts for 1 ) the control diet vs supplemented diets, and 2 ) tall fescue hay vs alfalfa hay supplementation.
Results and Discussion

Tall Fescue Hay Meadow Survey
Average CP levels across plots ranged from a high of 24% to a low of 9% (Table 2 ). The decline in CP is probably due to a progressive accumulation of structural components (reflected in ADF and NDF values) and leaf losses (Blaser, 1964) . Percentage of soluble N (Table 2 ) declined by approximately 7% of total N from May 23 through July 4, although these results were quite variable across dates. The primary forage species in these pastures were endophyte-free tall fescue ( Festuca arundinacea) , with a number of other grasses also present, principally orchardgrass ( Dactylis glomerata) , cheatgrass ( Bromus tectorum) , and Kentucky bluegrass ( Poa pratensis) . Production estimates were made on the basis of ground level clippings and therefore overestimate harvestable forage. Likewise, compositional analyses of the clipped forage included the lower, leaf-poor and more lignified portions of the grasses that would be left behind by harvesting equipment. Therefore the quality estima- tions of the clipped forage may be somewhat poorer than those of the actual harvested forage. Similar to our results, Pendlum et al. (1980) reported that in Kenhy tall fescue, CP declined with maturity and NDF and ADF fractions increased with maturity. The IVDMD results obtained from this survey were similar to those found by Pritchard et al. (1963) , in that digestibility declined with advancing phenological maturity. In contrast, IVDMD were higher at similar maturities than those reported by Pritchard et al. (1963) .
Experiment 1: Steer Digestion Study
Intake and digestibility. Total DMI increased 13 and 26% ( P < .01) for alfalfa and tall fescue supplemented steers recompared to those fed the negative control (Table 3) . Likewise, total DMI was 12% greater ( P < .10) for steers fed the tall fescue hay supplement than for steers fed the alfalfa hay supplement. In contrast, straw DMI tended to be lower for the supplemented steers than for nonsupplemented steers ( P = .18). Dry matter digestibility was 8 to 19% greater for supplemented steers than for steers fed the control diet ( P < .05) and, within supplement treatments, was greater for tall fescue hay-supplemented steers than for alfalfa-hay supplemented steers ( P < .10). Likewise, digestible DMI was more than 22% greater ( P < .001) for steers receiving supplements than for steers on the control diet, and 24% greater for steers fed tall fescue hay supplements than for steers supplemented with alfalfa hay ( P < .01). In situ extent of straw digestion was slightly greater (2%) in steers supplemented with alfalfa hay than in tall fescue hay-fed steers ( P < .05). However, this difference seems quite small. In addition, in situ rate of digestion of the fescue straw did not differ with supplementation or between the supplement sources ( P > .10). These results seem to indicate that the additional protein, as well as other nutrients, provided by the supplements did not aid digestion of the basal diet. The increases in basal diet NDF digestibility reported by Caton et al. (1988) with beef cattle grazing 8% CP dormant range forage are not reflected in the present study. The improvement in total diet digestion seems to be a function of both digestibility and quantity of the supplement fed. Lower ADF and IADF values for tall fescue hay vs alfalfa hay (Table 2 ) suggest that the fibrous component of the tall fescue hay was more readily digestible. In addition, the tall fescue hay was fed at a level 1.6 times higher than the alfalfa hay, a fact that may have further magnified the available energy in the diet of the tall fescue-supplemented steers. In situ ruminal protein digestion of alfalfa hay was greater than that of the tall fescue hay, whereas rate of digestion was twice as fast for the tall fescue hay as for the alfalfa hay supplement ( P < .10; Table  3 ).
Digesta Kinetics. Although no differences existed between treatments at the 0 h evacuation, both DM fill and IADF fill were greater for steers fed supplements than for nonsupplemented steers ( P < .01 and P < .05, respectively, Table 4 ). There were no other differences resulting from supplementation, although there was evidence of three trends: 1 ) liquid volume tended to be greater ( P = .12) in the supplemented steers than in the control steers 5 h after feeding; 2 )
IADF passage tended to be faster ( P = .10) in the control treatment group relative to the supplement treatment groups 5 h after feeding; and 3 ) the alfalfa hay-supplemented steers seemed to show a slightly greater ( P = .12) IADF outflow compared with the tall fescue hay-supplemented steers. Increases in IADF outflow are probably a result of increased concentration of IADF in the alfalfa supplement compared with the tall fescue hay supplement rather than overall changes in ruminal digesta kinetics.
Rumen Fermentation Characteristics. Protein supplementation per se did not affect ruminal pH ( P > .10; Table 5 ). However, ruminal pH of steers supplemented with tall fescue hay was lower than for steers supplemented with alfalfa hay ( P < .01). As ruminal pH decreases, total VFA concentrations should increase. This relationship was evident in the present study, with alfalfa hay-supplemented steers having lower total VFA concentrations than tall fescue hay-supplemented steers ( P < .01). Other studies have reported either no effects on pH or a decrease in pH with the addition of supplemental protein Stokes et al., 1988; DeCurto et al., 1990b) . Similar to pH, total VFA concentrations of the control steers (Table 5 ) were intermediate to those of the supplement treatment group. It is unclear why the alfalfa-supplemented group had the lowest total VFA concentrations. Previous research has shown a lack of effect or a positive effect on total VFA with supplementation (McCollum and Galyean, 1985; DelCurto et al., 1990a,c) . Total VFA concentrations were much higher in this study than levels previously reported (Caton et al., 1988; Stokes et al., 1988; DelCurto et al., 1990c) . Because these previous studies utilized warm-season grasses, perhaps the Figure 1 . Effect of early-vegetative tall fescue hay and alfalfa hay supplementation on ruminal ammonia concentrations. Treatment means within time periods that do not have common letters differ (P < .10). The SEM at each time were .68, .99, .41, .44, and .39 mg/dL for 0, 3, 6, 9, and 12 h after feeding, respectively. differences in total VFA concentrations reflect a digestibility difference between warm-and cool-season species. Acetate to propionate ratios increased with supplementation ( P < .01). This observation contradicts reports of previous studies (Judkins et al., 1977; Stokes et al., 1988; DelCurto et al., 1990c) . In addition, steers fed alfalfa hay supplements had higher acetate to propionate ratios than steers fed tall fescue hay supplements. Caton et al. (1988) and DelCurto et al. (1990c) reported increases in butyrate with protein supplementation. Results from this study do not indicate a supplementation response, although butyrate proportions in the tall fescue hay-supplemented steers were 30% greater than those of alfalfa hay-supplemented steers ( P < .10). Ruminal NH 3 concentrations showed a treatment × time interaction ( P < .10, Figure 1) . At 0 h, all three treatments were statistically distinct ( P < .10), with the tall fescue hay treatment having the highest average concentrations and the control group the lowest. Concentrations peaked 3 h after feeding, with significantly greater NH 3 concentrations ( P < .10) in the supplemented treatment groups than in the control group. At 6 h after feeding, the supplemented steers still had higher concentrations ( P < .10), whereas by 9 and 12 h after feeding, NH 3 concentrations in all treatment groups had declined to similar concentrations. Ammonia concentrations in this study were similar to those reported elsewhere (Guthrie and Wagner, 1988; Stokes et al., 1988; DelCurto et al., 1990b) .
Exp. 2: Cow Performance Trial
The results of this study described pronounced effects, both of supplementation and type of supplement, on cow weight gains and body condition changes during the winter feeding period. Supplemented cows in this study gained more weight ( P < .001) than nonsupplemented cows over the 84-d supplement feeding period, and the tall fescue hay-supplemented cows gained more weight ( P < .10) than cows receiving the alfalfa hay supplement (Table 6) . Cochran et al. (1986b) , Judkins et al. (1987), and DelCurto et al. (1991) all reported similar weight change advantages with supplementation. Cows receiving supplements lost 50% less body condition than their control counterparts ( P < .01), and the cows supplemented with tall fescue hay tended to lose less condition (about 44%) than the alfalfa haysupplemented cows ( P = .23). After parturition, the nonsupplemented cows showed enhanced recovery of BW and condition compared with the supplemented cows ( P < .10). Bearing in mind that the 84-d weights included near-term fetuses that were similar in weight across treatments, the 204-d weight changes reflect a compensatory gain in the control cows at least four times greater than the recovery seen in the supplemented cows. This agrees with observations of similar compensatory gains seen in nutrition- ally restricted animals in other supplementation studies (Clanton and Zimmerman, 1965; DelCurto et al., 1990b,c) . The recovery of body condition followed the same pattern as BW change. Recovery of condition was inversely related to the degree of condition lost over the winter: control cows regained condition the fastest, tall fescue hay-supplemented cows the slowest. However, calf weaning weights were not influenced by the dams' previous winter nutritional regimen. Although differences in various measures of reproductive efficiency are expected from animals on dissimilar nutritional planes, impairments or enhancements of performance are not always observed due to inadequate numbers needed to yield statistical inference. DelCurto et al. (1990b) reported numerical trends towards greater birth weights and improved conception rates in supplemented cows, but the differences were not especially strong. Because the winter season during this study was unusually mild, perhaps the cows were not sufficiently taxed energetically to show an effect on fetal development. Supplementation, especially during periods of physiological stress, may offer production advantages. Without supplementation, cattle fed low-quality diets are unable to meet their nutritional needs and consequently may manifest symptoms of poor nutrition in terms of impaired reproductive performance, such as low conception rates, delayed estrus and puberty, poor milking, and reduced resistance to stress and disease.
Results of this research raise important questions relative to the influence of supplemental protein concentration and the optimum use of low-quality forages. DelCurto et al. (1990a,b) suggested that 26% CP soybean meal-grain sorghum supplement was an optimal concentration for low-quality tallgrass prairie forage when compared with 13 and 39% CP supplements. Likewise, in a study evaluating wheat middlings in 15, 20, and 25% CP supplements, Sunvold et al. (1991) suggested that 20% was best for enhancement of forage intake with reduced benefits at the 25% CP level. Both studies indicated negative effects of low protein concentrations, specifically reduced intake and depressed digestibility. These studies differed from the present study in that the supplements were composed of primarily concentrate base feeds and by-products. As a result, both studies contained high energy supplements with substantial proportions of readily fermentable starch in the low CP supplements. In contrast, in the present study, 11.9% CP tall fescue hay proved to be an effective supplement for a 4% CP tall fescue straw diet as compared with a 19% CP alfalfa hay supplement.
Implications
The data of this study suggest that high-quality tall fescue hay is an effective supplement to low-quality forages. Supplementation significantly increased total diet intake, depressing basal forage intake only slightly. Although basal diet digestion was not improved by supplementation, total diet dry matter digestibility and neutral detergent fiber digestibility increased significantly with the contribution of alfalfa and tall fescue hay supplements. Improvements in gain and body condition seen in the performance study were most likely related to increases in total intakes and improved dietary digestibilities that came with supplementation. Forage-based protein supplementation seems to be a practical means of maintaining wintering cow weight and condition on low-quality forages during the winter feeding period.
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